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(57) ABSTRACT

A wing member (145) for an air vehicle (10), said wing
member comprising a core section (20) defining 1ts longi-
tudinal axis and having upper and lower surfaces, at least
one of said surfaces comprising apparatus (22) selectively
configurable between at least two positions, wherein 1n a
fully extended position, at least portions of said apparatus
extend outwardly from said respective surface so as to
increase the eflective cross-sectional area of said wing
member and define an eflective aerofoil 1n respect thereof.
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Fig. 3A
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Fig. 5A

Upper surface shape change /
Cross section augmentation

Lower surface shape change /
Cross section augmentation
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AIR VEHICLE AND METHOD AND
APPARATUS FOR CONTROL THEREOF

RELATED APPLICATIONS

This application 1s a national phase application filed under

35 USC § 371 of PCT Application No. PCT/GB2016/
053348 with an International filing date of Oct. 28, 2016
which claims priority of GB Patent Application 1519178.6
filed Oct. 30, 2015 and EP Patent Application 15275223.4
filed Oct. 30, 2015. Each of these applications 1s herein
incorporated by reference 1n 1ts entirety for all purposes.

This invention relates generally to an air vehicle, and,
more particularly but not necessarily exclusively, to an
unmanned air vehicle (UAV) and method and apparatus for
control thereof.

Unmanned air vehicles (UAVs), or drones, are well
known and used 1n many different military, as well as civil
and commercial, applications, such as search and rescue,
survelllance, reconnaissance, etc. In general, a UAV 1s a
powered aeral vehicle that does not require a human opera-
tor, uses acrodynamic forces to provide vehicle lift, and can
fly autonomously or be piloted remotely. Although not
always a requirement, 1t 1s often required for such vehicles
to be recoverable and even reusable after a mission.

Piloted and unmanned air vehicles tend to be of one of
two general types: (1) fixed wing, and (11) rotary wing.

A fixed wing air vehicle 1s illustrated schematically 1n
FIG. 1 of the drawings. As shown, a fixed wing air vehicle
comprises a main body 1 having a pair of fixed wings 2
extending therefrom, and a respective propulsion (thrust)
mechanism 3, such as a jet or propeller, mounted on (or in
relation to) each wing 2. The principal advantage of a fixed
wing air vehicle 1s the speed and endurance that can be
achieved, making such air vehicles particularly suitable for
long-distance and/or persistent missions.

Each respective propulsion device 3 may be mounted at
the ‘leading’ edge of a wing (relative to direction of travel
of the air vehicle), with both propulsion devices facing in the
same direction, and configured to generate linear thrust in
the same direction relative to the main body 1, thereby
causing the air vehicle to move forwards.

Referring to FIG. 3 of the drawings, the aerofoil cross-
sectional shape of the wings 2 produces an aecrodynamic
force as the vehicle moves forward, and the component of
this force perpendicular to the direction of motion is called
“lift” (whereas the component parallel to the direction of
motion 1s called “drag™). “Turming” of the air in the vicinity
of the aeroloil creates curved streamlines, resulting 1n lower
pressure on one side and higher pressure on the other. This
pressure diflerence 1s accompanied by a velocity difference,
via Bernouilli’s principle, so the resulting flowfield about
the aerofoil has a higher average velocity on the upper
surface than on the lower surface; and the lift force 1s related
directly to the average top/bottom velocity difference.

Many different aerofoil shapes and cross-sections are
known and widely used, wherein two principal aims of the
aerofoil are to reduce drag and optimise lift. However, 1t will
be clear from the above that such optimisation of the aerofoil
shape 1s designed 1n respect of a specific direction of thrust
(motion) relative to the main body generated by the propul-
sion device(s). If the relative direction of thrust (motion)
generated by one or both propulsion devices were to change,
then the aerofoil shape would no longer be optimised (or
even necessarily functional) 1n respect of the associated
propulsion device, and there would be a resulting counter-
productive effect on the lift component of the acrodynamic
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force as the wing(s) move through the air, which 1s clearly
disadvantageous and could, in some cases, be catastrophic.

Nevertheless, applications are envisaged in which 1t may
be advantages to reverse the direction of thrust generated by
one or more of the propulsion devices relative to the main
body, during a flight.

There are a number of ways 1n which such thrust reversal
relative to the main body could be achieved. For example, in
the case of a propeller, the direction of rotary motion thereof
could be reversed. In this case, the longer airtlow path length
defined by the upper surface relative to the lower surface of
the wing would be maintained, although the wing shape and
profile relative to the direction of thrust (or ‘leading” edge of
the wing) would be far from optimal. However, reversal of
the direction of operation of the propulsion device may be
highly impractical 1n many circumstances, and impossible 1n
the case of a jet engine. Therefore, 1t 1s envisaged that the
wing on which the propulsion device 1s mounted could 1tself
be moved so as to change the location and orientation of the
associated propulsion device relative to the main body,
without changing 1ts mode of operation. In this case, for
example, the wing, having the propulsion device mounted at
its leading edge, could be rotated through 180° about 1ts
central longitudinal axis, so as to move the ‘leading’ edge
and the propulsion device to the ‘rear’ edge of the wing. As
a result, of course, the wing would now be ‘upside down’,
with the longer airflow path now being defined by the lower
surface of the wing, which 1s clearly counter-productive and
highly disadvantageous. Furthermore, at some points in the
rotary cycle of the propulsion device itself, the aerofoil
cross-section of the blades thereof (relative to the direction
of motion of the vehicle) i1s likely to be counter-productive
to the horizontal movement of the vehicle.

It 1s an object of aspects of the present invention to
address at least some of these 1ssues and, 1n accordance with
a first aspect of the present invention, there 1s provided a
wing member for an air vehicle, said wing member com-
prising a core section defining 1ts longitudinal axis and
having upper and lower surfaces, wherein said lower surface
comprises first apparatus selectively configurable between at
least two positions wherein 1n a first, fully extended position,
at least portions of said first apparatus extend outwardly
from said lower surface so as to increase the eflective
cross-sectional area thereof and define an eflective aerofoil
in respect thereof 1 a first direction of movement of said
wing member, and said upper surface comprises second
apparatus selectively configurable between at least two
positions wherein, 1n a first fully extended position, at least
portions of said second apparatus extend outwardly from
said upper surface so as to increase the eflective cross-
sectional area thereol and define an eflective aerofoil 1n
respect thereof 1n a second, substantially opposite, direction
of movement of said wing member.

The above-mentioned apparatus associated with the upper
and/or lower surface may be selectively configurable
between said fully extended position and at least a rest
position, 1n which said apparatus 1s substantially flush with
said respective surface. In this case, the apparatus may be
selectively configurable between said fully extended posi-
tion and at least a partially extended position in which
extend outwardly from said respective surface to a lesser
degree than 1n said fully extended position so as to increase
the eflective cross-sectional area of said wing member and
define an aerofoil 1n respect thereot 1n a respective direction
of movement of the air vehicle.

In an exemplary embodiment of the invention, the above-
mentioned apparatus associated with the upper and/or lower
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surface may comprise a plurality of spaced-apart fins
mounted on the respective surface for movement between
said at least two positions. Fach of said plurality of fins may
be mounted on said respective surface via a respective
actuator. Each of said actuators may be individually con-
trollable to eflect movement of a respective fin. In an
exemplary embodiment, an elastic and/or flexible skin mem-
ber may be provided over said plurality of fins so as to
couple the distal ends of adjacent fins, and form a substan-
tially continuous outer surface (in respect of airflow). The
skin member may comprise a single skin mounted over an
entire set of fins, or 1t may comprise mdividual web mem-
bers mounted between the distal ends of adjacent fins.

In an exemplary embodiment of the invention, the above-
mentioned apparatus may comprise a first set ol spaced-
apart {ins mounted on said upper surface and a second set of
spaced-apart fins mounted on said lower surface of said
wing member, each set of fins being configured for operation
one of said fully extended and partially extended positions.

In another exemplary embodiment of the mvention, the
above-mentioned apparatus may comprise at least a {first
inflatable aero-structure mounted across said upper and/or
said lower surface of said wing member. The inflatable
aero-structure may be operable between a fully extended
position 1n which 1t 1s substantially fully inflated so as to
increase the eflective cross-sectional area of said wing
member 1n accordance with the respective configuration of
said inflatable aero-structure, and at least a second position.
The second position may be a rest position 1 which said
inflatable aero-structure 1s substantially fully deflated and
lies substantially flush with said respective surface. Alter-
natively, the second position may be a partially extended
position 1n which said inflatable aero-structure i1s partially
inflated.

In accordance with another aspect of the present inven-
tion, there 1s provided an air vehicle comprising a main body
and a pair of opposing fixed wing members extending
laterally from said main body, at least a first propulsion
device being configured to generate linear thrust relative to
said main body, 1n use, the air vehicle further comprising a
control module for generating a control signal to reverse, 1n
respect of at least one of said propulsion devices, the
direction of linear thrust generated thereby relative to said
main body, wherein at least one of said wing members 1s
provided with a device for altering the aerofoil cross-section
thereol 1n response to a reversal of thrust direction by a
respective propulsion device.

At least one of said wing members may comprise a wing
member substantially as described and/or defined above.

In another exemplary embodiment, the wing member may
comprise at least two sections, separably mounted together
along a longitudinal joint when said direction of linear thrust
generated by a respective propulsion device relative to said
main body 1s 1n a first direction, wherein at least one of said
sections 1s laterally movable relative to the other so as to
separate said two sections when said direction of linear
thrust generated by said propulsion device relative to said
main body 1s reversed.

In accordance with yet another aspect of the present
invention, there 1s provided a method of controlling the
ellective aerofoil cross-section of a wing member 1n an air
vehicle substantially as described and/or defined above, the
method comprising the steps of:

determining that a direction of thrust generated by a

propulsion device has been reversed; and
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4

generating one or more control signals configured to
actuate said device to alter the aerofoil cross-section of
a respective wing member.

These and other aspects of the present invention will be
apparent to a person skilled in the art from the following
specific description 1 which embodiments of the present
invention are described, by way of examples only, and with
reference to the accompanying drawings, in which:

FIG. 1 1s a schematic front view of a fixed wing air vehicle
according to the prior art;

FIG. 2 1s a schematic plan view of a hybnd fixed-rotary
wing air vehicle according to a first exemplary embodiment
of the present invention, illustrated in the fixed wing tlying
mode configuration;

FIG. 3 1s a schematic plan view of the hybnd fixed-rotary
wing air vehicle of FIG. 2, illustrated 1n the rotary wing
flying mode configuration;

FIG. 3A1s a schematic side cross-sectional view of a wing
for use 1n a hybnd fixed-rotary wing air vehicle according to
an exemplary embodiment of the present invention;

FIG. 4 1s a schematic plan view 1llustrating the manner of
connection ol a wing to the main body 1 a hybrid fixed-
rotary wing air vehicle according to an exemplary embodi-
ment of the present invention;

FIGS. 5A and 3B are schematic side views of a wing
member according to an exemplary embodiment of the
present invention illustrating apparatus for altering the etlec-
tive aerofoil cross-section thereof in the fully extended
position on the upper surtace (FIG. SA) and the lower
surface (FIG. SB) respectively;

FIGS. 6A and 6B are schematic partial side views of the
apparatus 1llustrated in FIGS. 5A and 5B, showing the fins
in the rest positions (FIG. 6A) and the fully extended
(deployed) position (FIG. 6B) respectively;

FIGS. 7A and 7B are schematic side views ol a wing
member according to another exemplary embodiment of the
present invention, illustrating apparatus for altering the
ellective aerofoil cross-section thereof 1n the fully extended
position on the upper surface (FIG. 7A) and the lower
surface (FI1G. 7B) respectively;

FIG. 8A shows (1) a schematic plan view of a hybnd
fixed-rotary wing air vehicle according to a second exem-
plary embodiment of the present invention, illustrated in the
fixed wing flying mode configuration, and (11) a schematic
side view of a wing member of the illustrated air vehicle;

FIG. 8B shows (1) a schematic plan view of the hybnd
fixed-rotary wing air vehicle of FIG. 8A, 1llustrated in the
rotary wing tlying mode configuration, and (11) a schematic
side view of a wing member of the 1llustrated air vehicle 1n
which the eflective aerofoil cross-section thereof has been
altered 1n response to a change of direction of thrust gen-
erated by the respective propulsion device; and

FIGS. 9A and 9B are schematic (1) plan and (11) side views
of a wing member according to an exemplary embodiment
of the present mvention 1n a fully extended (joined) con-
figuration (FIG. 9A) and a separated configuration (FIG. 9B)
respectively.

Retferring to FIG. 2 of the drawings, an air vehicle 10
according to a first exemplary embodiment of the present
invention comprises a main body 12, on which are mounted
two opposing wing members 14a, 145 such that they extend
laterally outward from respective opposing sides of the main
body 12. In the example shown, the wings 14a, 145 have a
compound swept back configuration, to aid aerodynamic
stability and reduce drag, but it will be appreciated that the
present mvention 1s 1 no way intended to be limited with
regard to 1ts core wing configuration. A respective propul-
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sion device 16a, 165 1s mounted at the ‘leading’ edge of each
wing 14a, 145 and, in the example shown, the propulsion
devices 16a, 160 arc facing 1n the same direction. Thus,
when the propulsion devices are operated to generate thrust
in the same direction relative to the main body 12, they cause
the vehicle to move forward and create upward lift.

Referring additionally to FIG. 4 of the drawings, at least
one of the wings 145 may be rotatably mounted on the side
of the main body 12 by means of a longitudinal shaft or
sp1got 18 extending from the innermost end of the wing 145.
Thus, referring to FIG. 3 of the drawings, the air vehicle 10
could be configured such that its flying mode can be trans-
formed from a fixed-wing to a rotary-wing flying mode by
the generation of a control signal that causes the wing 145
to rotate about the axis 20a defined by the spigot 18, such
that the ‘leading’ edge of the wing 145, and the associated
propulsion device 165, are facing 1n the opposite direction.
With the thrust from the two propulsion devices 16a, 165
now operating in opposite linear directions relative to the
main body 12, the net result 1s a rotary force that causes the
entire air vehicle 10 to spin. Liit 1s, theoretically, maintained
because the spinning wings act as a rotary blade forcing air
downwardly to overcome the force of gravity and create
vertical lift. However, such lift will be compromised as the
aerofoil defined by the rotated wing i1s reversed and the
longer airflow path 1s now defined by the lower surface of
the wing, thereby resulting 1 a counter-productive lift
component.

It 1s envisaged that this issue could, in theory, be
addressed by eflecting an altered angle of attack 1n respect
of the rotated wing 146, when in the rotary-wing mode.
However, this solution 1s considered to be ineflicient, and
will not result mm an optimal configuration in terms of
maximising lift and aerodynamic stability.

Accordingly, 1n accordance with exemplary embodiments
of the present invention, 1t 1s proposed to selectively alter the
cllective cross-sectional shape of an associated aerofoil
between the fixed-wing and rotary-wing flying modes
described above.

Thus, referring to FIGS. 5A and 5B of the drawings, a
wing member 145 comprises a generally central core section
20, which 1s substantially symmetrical about its longitudinal
ax1is, and has some means for selectively altering the effec-
tive cross-sectional shape of the upper and lower surfaces of
the wing 14b. In one exemplary embodiment of the inven-
tion, such means may comprise a plurality of spaced-apart
fins 22 mounted along the upper and lower surfaces of the
wing 14b, via respective motorised actuators 24, such that
the fins are selectively movable from a rest position (see
FIG. 6A of the drawings), 1n which they lie substantially flat
against the surface of the core section 20 on which they are
mounted, and a deployed position (see FIG. 6B of the
drawings), 1n which they are raised so as to protrude
outwardly (at a selected angle) from their respective surface
and have the ellect of altering the eflective surface profile
accordingly. Thus, as shown 1n FIG. 5A of the drawings, for
torward thrust, the fins 22 on the upper surface of the core
section 20 are deployed to define the upper curved aerofoil
cross-section 1llustrated, with the radius of the curved profile
being defined by the degree to which the individual fins 22
are raised relative to the surface of the core section 20.
However, as shown in FIG. 5§ of the drawings, when the
direction of thrust has been reversed, the upper fins 22 are
moved (via the motorised actuators 24) to a rest position,
substantially flush against the upper surface of the core
section 20, and the lower fins 22 are deployed to define the
lower curved aerofoil cross-section illustrated, thereby opti-
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6

mising lift 1n both directions, as required. The fins 22 (or fins
or other suitable protruding members) may be of any suit-
able shape or size, depending on design and operational
characteristics of the air vehicle, and may, for example, be
formed of any suitable, lightweight composite matenal.

Referring now to FIGS. 7A and 7B of the drawings, 1n an
alternative exemplary embodiment of the present invention,
the core section of the wing 1s provided with an indepen-
dently deployable inflatable aero-structure 26 on each of 1ts
upper and lower surfaces; wherein, when an inflatable
aero-structure 1s deployed, 1t defines the required aerofoil
cross-section of the respective upper or lower surface of the
wing. Thus, as shown in FIG. 7A of the drawings, for
forward thrust, the inflatable aero-structure on the lower
surface of the core section 20 remains at rest, whilst the
inflatable aero-structure 26 on the upper surface of the core
section 20 1s deployed to define the upper curved aerofoil
cross-section 1llustrated, with the radius of the curved profile
being defined by the configuration of the inflatable aero-
structure and/or the amount of air introduced into the
inflatable aero-structure when 1t 1s deployed. However, as
shown in FIG. 7B of the drawings, when the direction of
thrust has been reversed, the upper inflatable aero-structure
1s detlated to a rest condition, substantially flush against the
upper surtace of the core section 20, and the lower inflatable
aero-structure 1s deployed to define the lower curved aero-
fo1l cross-section 1llustrated, thereby optimising lift in both
directions, as required.

In general, therefore, aspects of the present invention
introduce a concept whereby an aircrait wing 1s ‘augmented’
such that 1t can change 1ts profile/shape on the upper or
lower surface so as to attain a desired aerofoil cross-section,
dependent upon the mode of flight, for example, or wing
orientation relative to the associated thrust direction.

Referring now to FIGS. 8A and 8B of the drawings, 1in
alternative exemplary embodiments of the invention, the
direction of thrust may be reversed by changing the mode of
operation of the respective propulsion device, rather than
actually changing the orientation of the wing. In this case, as
the wing remains stationary, the respective surfaces thereof
remain in situ and the upper surface remains the surface
providing the longer airflow path. However, 1ts profile
relative to the direction of airflow 1s non-optimal and, as a
result, the required “turning” of the air as the vehicle moves
1s not eflectively achieved. Thus, 1n accordance with another
exemplary embodiment of the invention, some means may
be provided on each surface of a core section 20 {for
changing the eflective upper and lower surface profiles 1n
response to a change of thrust direction. In the example
shown, and referring to FIG. 8A of the drawings, during
fixed-wing tlight mode, the propulsion devices 16a, 165 are
mounted on the leading edges of respective wing members
14a, 146 and are both configured to generate forward thrust
(see (1)). The wing members 14a, 14b are designed to
optimise lift whilst the vehicle travels in the forward direc-
tion, with the curvature of the upper and lower surfaces
being such that the widest part of the wing 1s close to its
proximal end (nearest the main body 12) and the narrowest
part of the wing 1s at 1ts distal end (see (11)). Referring now
to FIG. 8B of the drawings, the operation of one of the
propulsion devices 165 1s reversed, such that 1t generates
thrust 1n the opposite direction relative to the main body 12
and, as a result, the entire air vehicle 1s caused to spin. In
response to this change of flying mode, exemplary embodi-
ments of the invention provide means for altering the surface
profile of the upper and lower surfaces of the wing member
145 such that the widest portion 1s now close to 1ts distal end
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and the narrowest portion 1s at its proximal end, thereby to
optimise lift 1n the rotary-wing mode. Such alteration of the
surface profile may once again be achieved by the provision
ol reconfigurable intlatable acro-structures on the upper and
lower surfaces of a core section 20. Alternatively, the radius
of curvature of the surface profiles may be altered by
selectively altering the angle of protrusion of a plurality of
spaced-apart {ins or fins mounted, via motorised actuators,
on respective upper and lower surfaces of a core section 20
of the wing member 146 (similar to that described with
reference to FIGS. 5A and 5B of the drawings).

Referring now to FIGS. 9A and 9B of the drawings, 1n yet
another exemplary embodiment of the present invention, the
wing members 14aq, 145 may comprise two halves or sec-
tions 15a, 155 (see (11)). The sections of each wing member
14a, 145, which may be substantially 1identically configured,
may be movably mounted relative to each other, and con-
figured to fit together 1n the fixed-wing flying mode so as to
define an aerofoil that 1s substantially symmetrical about 1ts
central longitudinal axis, similar to a conventional aerofoil
tor this purpose. Referring to FIG. 8B of the drawings, when
operation of the air vehicle 1s changed from the fixed-wing
mode to the rotary-wing mode of tlying, the (or each) wing
member 1s configured to separate into the two sections 13a,
156, with one of the sections having its widest portion
closest to the periphery of 1ts rotary motion, and the other
section 156 having its narrowest portion at the periphery of
its rotary motion (see (11)).

It will be apparent to a person skilled in the art, from the
foregoing description, that modifications and variations can
be made to the described embodiments without departing
from the scope of the invention as defined by the appended
claims.

The 1nvention claimed 1s:

1. A wing member for an air vehicle, said wing member
comprising a core section defining its longitudinal axis and
having upper and lower surfaces, wherein said lower surface
comprises first apparatus selectively configurable between at
least two positions wherein 1n a first, fully extended position,
at least portions of said first apparatus extend outwardly
from said lower surface so as to increase the eflective
cross-sectional area thereof and define an eflective aerofoil
in respect thereol 1n a first direction of movement of said
wing member, and said upper surface comprises second
apparatus selectively configurable between at least two
positions wherein, in a first fully extended position, at least
portions of said second apparatus extend outwardly from
said upper surface so as to increase the eflective cross-
sectional area thereof and define an eflective aerofoil 1n
respect thereof 1n a second, substantially opposite, direction
of movement of said wing member.

2. The wing member according to claim 1, wherein said
first and/or second apparatus 1s selectively configurable
between said fully extended position and at least a rest
position, 1n which said apparatus 1s substantially flush with
a respective surface.

3. The wing member according to claim 1, wherein said
first and/or second apparatus 1s selectively configurable
between said tully extended position and at least a partially
extended position 1n which extend outwardly from a respec-
tive surface to a lesser degree than in said fully extended
position so as to increase the eflective cross-sectional area of
said wing member and define an aerofoil 1n respect thereof
in a respective direction ol movement of said wing member.

4. The wing member according to claim 1, wherein said
first and/or second apparatus comprises a plurality of
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spaced-apart fins mounted on a respective surface for move-
ment between said at least two positions.

5. The wing member according claim 4, wherein each of
said plurality of fins 1s mounted on said respective surface
via a respective actuator.

6. The wing member according to claim 3, wherein said
first apparatus comprises a {lirst set of spaced-apart fins
mounted on said lower surface and said second apparatus
comprises a second set of spaced-apart fins mounted on said
upper surface of said wing member, each set of fins being
configured for operation one of said fully extended and
partially extended positions.

7. The wing member according to claim 6, wherein an
clastic and/or flexible skin member 1s provided over said
plurality of fins so as to couple the distal ends of adjacent
fins, and form a substantially continuous outer surface.

8. The wing member according to claim 1, wherein said
first and/or second apparatus comprises at least a {irst
inflatable aero-structure mounted across said upper or said
lower surface of said wing member.

9. The wing member according to claim 8, wherein said
inflatable aero-structure 1s operable between a {fully
extended position 1n which it 1s substantially tully inflated so
as to 1crease the effective cross-sectional area of said wing
member 1n accordance with the respective configuration of
said intlatable aero-structure, and at least a second position.

10. The wing member according to claim 9, wherein said
second position 1s a rest position in which said inflatable
aero-structure 1s substantially fully deflated and lies sub-
stantially flush with said respective surface.

11. The wing member according to claim 9, wherein said
second position 1s a partially extended position 1n which said
inflatable aero-structure is partially inflated.

12. An air vehicle comprising a main body and a pair of
opposing fixed wing members extending laterally from said
main body, at least a first propulsion device being configured
to generate linear thrust relative to said main body, in use,
the air vehicle further comprising a control module for
generating a control signal to reverse, in respect of at least
one of said propulsion devices, the direction of linear thrust
generated thereby relative to said main body, wherein at
least one of said wing members 1s provided with a device for
altering the aerofoil cross-section thereof 1n response to a
reversal of thrust direction by a respective propulsion
device.

13. The air vehicle according to claim 12, wherein at least
one ol said wing members comprises a wing member
comprising a core section defining its longitudinal axis and
having upper and lower surfaces, wherein said lower surface
comprises {irst apparatus selectively configurable between at
least two positions wherein 1n a first, fully extended position,
at least portions of said first apparatus extend outwardly
from said lower surface so as to increase the eflective
cross-sectional area thereof and define an effective aerofoil
in respect thereof 1n a first direction of movement of said
wing member, and said upper surface comprises second
apparatus selectively configurable between at least two
positions wherein, 1n a first fully extended position, at least
portions of said second apparatus extend outwardly from
said upper surface so as to increase the eflective cross-
sectional area thereof and define an effective aerofoil 1n
respect thereof 1n a second, substantially opposite, direction
of movement of said wing member.

14. The air vehicle according to claim 12, wherein said
wing member comprises at least two sections, separably
mounted together along a longitudinal joint when said
direction of linear thrust generated by a respective propul-
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s1on device relative to said main body 1s 1n a first direction,
wherein at least one of said sections 1s laterally movable
relative to the other so as to separate said two sections when
said direction of linear thrust generated by said propulsion
device relative to said main body 1s reversed.

15. A method of controlling the effective aerofoil cross-
section of a wing member 1n the air vehicle according to
claim 12, comprising the steps of:

determining that a direction of thrust generated by a

propulsion device has been reversed; and

generating one or more control signals configured to

actuate said device to alter the aerofoil cross-section of
a respective wing member so as to be eflective 1n the
determined direction of thrust.

16. The air vehicle according to claim 12, wherein at least
one of said wing members comprises a core section defining
its longitudinal axis and having upper and lower surfaces,
wherein said lower surface comprises first apparatus selec-
tively configurable between at least two positions wherein in
a first, fully extended position, at least portions of said {first
apparatus extend outwardly from said lower surface so as to
increase the eflective cross-sectional area thereof and define
an eflective aerofoil 1n respect thereof 1n a first direction of
movement of said wing member, and said upper surface
comprises second apparatus selectively configurable
between at least two positions wherein, in a first fully
extended position, at least portions of said second apparatus
extend outwardly from said upper surface so as to increase
the eflective cross-sectional area thereolf and define an
cllective acrofoil in respect thereol 1n a second, substantially
opposite, direction of movement of said wing member,
wherein said first and/or second apparatus is selectively
configurable between said fully extended position and at
least a rest position, 1n which said apparatus 1s substantially
flush with a respective surface.

17. The air vehicle according to claim 12, wherein at least
one of said wing members comprises a core section defining
its longitudinal axis and having upper and lower surfaces,
wherein said lower surface comprises first apparatus selec-
tively configurable between at least two positions wherein in
a first, fully extended position, at least portions of said first
apparatus extend outwardly from said lower surface so as to
increase the eflective cross-sectional area thereof and define
an et
movement of said wing member, and said upper surface
comprises second apparatus selectively configurable
between at least two positions wheremn, mm a first fully

ective aerofoil 1 respect thereof 1n a first direction of
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extended position, at least portions of said second apparatus
extend outwardly from said upper surface so as to increase
the eflective cross-sectional area thereol and define an
cllective aerofoil 1n respect thereof 1n a second, substantially
opposite, direction of movement of said wing member,
wherein said first and/or second apparatus 1s selectively
configurable between said fully extended position and at
least a partially extended position 1n which extend outwardly
from a respective surface to a lesser degree than 1n said fully
extended position so as to increase the eflective cross-
sectional area of said wing member and define an aerofoil 1n
respect thereof 1n a respective direction of movement of said
wing member.

18. The air vehicle according to claim 12, wherein at least
one of said wing members comprises said wing member
comprising a core section defining its longitudinal axis and
having upper and lower surfaces, wherein said lower surface
comprises first apparatus selectively configurable between at
least two positions wherein 1n a first, fully extended position,
at least portions of said first apparatus extend outwardly
from said lower surface so as to increase the eflective
cross-sectional area thereof and define an eflective aerofoil
in respect thereof 1 a first direction of movement of said
wing member, and said upper surface comprises second
apparatus selectively configurable between at least two
positions wherein, in a first fully extended position, at least
portions of said second apparatus extend outwardly from
said upper surface so as to increase the eflective cross-
sectional area thereol and define an eflective aerofoil 1n
respect thereof 1n a second, substantially opposite, direction
of movement of said wing member,

wherein said first and/or second apparatus comprises a

plurality of spaced-apart fins mounted on a respective
surface for movement between said at least two posi-
tions.

19. The air vehicle according to claim 18, wherein each of
said plurality of fins 1s mounted on said respective surface
via a respective actuator.

20. The air vehicle according to claim 17, wherein said
first apparatus comprises a first set of spaced-apart fins
mounted on said lower surface and said second apparatus
comprises a second set of spaced-apart fins mounted on said
upper surface of said wing member, each set of fins being
configured for operation one of said fully extended and
partially extended positions.
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